Acute hyperammonemia and systemic inflammation is associated with increased extracellular brain adenosine in rats: a biosensor study.
Acute liver failure (ALF) can lead to brain edema, cerebral hyperperfusion and intracranial hypertension. These complications are thought to be mediated by hyperammonemia and inflammation leading to altered brain metabolism. As increased levels of adenosine degradation products have been found in brain tissue of patients with ALF we investigated whether hyperammonemia could induce adenosine release in brain tissue. Since adenosine is a potent vasodilator and modulator of cerebral metabolism we furthermore studied the effect of adenosine receptor ligands on intracranial pressure (ICP) and cerebral blood flow (CBF). We measured the adenosine concentration with biosensors in rat brain slices exposed to ammonia and in a rat model with hyperammonemia and systemic inflammation. Exposure to ammonia in concentrations from 0.15-10 mM led to increases in the cortical adenosine concentration up to 18 µM in brain slices. In vivo recordings showed a tendency towards increased adenosine levels in rats with hyperammonemia and systemic inflammation compared to a control group (3.7 ± 0.7 vs. 0.8 ± 0.2 µM, P = 0.06). This was associated with a significant increase in ICP and CBF. Intervention with the non-selective adenosine receptor antagonist theophyllamine, the A2A receptor antagonist ZM241385, or the A1 receptor agonist N6-Cyclopentyladenosine did not reduce ICP or CBF. In conclusion, our results show that the adenosine concentration in cortex increases during exposure to ammonia, and is associated with a rise in intracranial pressure and cerebral perfusion. However adenosine receptor antagonism/agonism did not reduce the ICP or CBF which indicates that adenosine may not be of direct importance for these cerebral complications in ALF.